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(57) ABSTRACT

An exemplary contactor control system and method to
reduce the amount of sound during the translation of an
automotive contactor from a closed state to an open state 1s
provided. The contactor has an electrical coil and first and
second electrical contacts. The control system includes a
microcontroller and a high side driver circuit. The micro-
controller generates a pulse width modulated signal that 1s
applied to the high side driver circuit and decreases a duty
cycle thereotf to decrease a first control voltage applied to the
clectrical coil over a time interval. The microcontroller
maintains a duty cycle for another time interval to maintain
the contactor in the closed operational state. Next, the
microcontroller decreases the duty cycle to reduce a speed of
a contactor armature prior to contacting a stop member to
reduce an amount of sound while transitioning the contactor
to the open state.

7 Claims, 9 Drawing Sheets
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300

MICROCONTROLLER GENERATES A FIRST VOLTAGE SIGNAL OVER A FIRST TIME INTERVAL
THAT IS APPLIED TO A HIGH SIDE DRIVER CIRCUIT TO INDUCE THE HIGH SIDE DRIVER
CIRCUIT TO APPLY A FIRST CONTROL VOLTAGE AT A FIRST VOLTAGE LEVEL TO A FIRST END
OF AN ELECTRICAL COIL OF A CONTACTOR TO TRANSITION THE CONTACTOR FROM AN
OPEN OPERATIONAL STATE TO A CLOSED OPERATIONAL STATE

302

MICROCONTROLLER GENERATES A SECOND VOLTAGE SIGNAL THAT IS APPLIED TO A LOW
SIDE DRIVER CIRCUIT TO INDUCE THE LOW SIDE DRIVER CIRCUIT TO CONDUCT AN

ELECTRICAL CURRENT FROM THE ELECTRICAL COIL OF THE CONTACTOR TO TRANSITION
THE CONTACTOR FROM THE OPEN OPERATIONAL STATE TO THE CLOSED OPERATIONAL STATE

¢ 304

MICROCONTROLLER GENERATES A PULSE WIDTH MODULATED SIGNAL THAT IS APPLIED
TO THE HIGH SIDE DRIVER CIRCUIT AND DECREASES A DUTY CYCLE OF THE PULSE WIDTH
MODULATED SIGNAL FROM A FIRST DUTY CYCLE TO A SECOND DUTY CYCLE TO INDUCE
THE HIGH SIDE DRIVER CIRCUIT TO DECREASE THE FIRST CONTROL VOLTAGE APPLIED TO
THE ELECTRICAL COIL FROM THE FIRST VOLTAGE LEVEL TO A SECOND VOLTAGE LEVEL,
RESPECTIVELY, OVER A SECOND TIME INTERVAL

306

MICROCONTROLLER MAINTAINS THE DUTY CYCLE OF THE PULSE WIDTH MODULATED
SIGNAL AT THE SECOND DUTY CYCLE FOR A THIRD TIME INTERVAL TO INDUCE THE
HIGH SIDE DRIVER CIRCUIT TO MAINTAIN THE FIRST CONTROL VOLTAGE APPLIED TO THE
ELECTRICAL COIL AT THE SECOND VOLTAGE LEVEL FOR THE THIRD TIME INTERVAL TO
MAINTAIN THE CONTACTOR IN THE CLOSED OPERATIONAL STATE, THE THIRD TIME
INTERVAL BEING GREATER THAN THE FIRST TIME INTERVAL

308

MICROCONTROLLER RECEIVES AN OPEN COMMAND MESSAGE FROM THE VEHICLE
COMPUTER THAT REQUESTS THAT THE CONTACTOR BE TRANSITIONED FROM THE CLOSED
OPERATIONAL STATE IN WHICH FIRST AND SECOND ELECTRICAL CONTACTS OF THE
CONTACTOR ARE CONTACTING ONE ANOTHER TO THE OPEN OPERATIONAL STATE
IN WHICH THE FIRST AND SECOND ELECTRICAL CONTACTS OF THE CONTACTOR ARE
DISPOSED A PREDETERMINED DISTANCE APART FROM ONE ANOTHER

O
FIG. 13
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DOES OPEN COMMAND
MESSAGE CORRESPOND TO A FIRST PREDETERMINED
OPEN COMMAND MESSAGE (SLOW OPEN
COMMAND MESSAGE)

NO
O

[YES 312

CURRENT SENSOR GENERATES A FIRST SIGNAL INDICATING AN AMOUNT OF AN ELECTRICAL
CURRENT FLOWING THROUGH THE FIRST AND SECOND ELECTRICAL CONTACTS

314

MICROCONTROLLER DETERMINES A CURRENT LEVEL VALUE INDICATING THE AMOUNT
OF THE ELECTRICAL CURRENT FLOWING THROUGH THE FIRST AND SECOND ELECTRICAL

CONTACTS, BASED ON THE FIRST SIGNAL

316

IS CURRENT

LEVEL VALUE <= A THRESHOLD CURRENT VALUE
?

NO

YES 318

MICROCONTROLLER DECREASES THE DUTY CYCLE OF THE PULSE WIDTH MODULATED
SIGNAL APPLIED TO THE HIGH SIDE DRIVER CIRCUIT FROM THE SECOND DUTY CYCLE
TO AZERO DUTY CYCLE TO INDUCE THE HIGH SIDE DRIVER CIRCUIT TO DECREASE THE
FIRST CONTROL VOLTAGE APPLIED TO THE ELECTRICAL COIL FROM THE SECOND VOLTAGE
LEVEL TO THE GROUND VOLTAGE LEVEL, RESPECTIVELY, OVER A FOURTH TIME INTERVAL
TO TRANSITION THE CONTACTOR FROM THE CLOSED OPERATIONAL STATE TO THE
OPEN OPERATIONAL STATE

MICROCONTROLLER STOPS GENERATING THE SECOND VOLTAGE SIGNAL TO THE LOW
SIDE DRIVER CIRCUIT TO INDUCE THE LOW SIDE DRIVER CIRCUIT TO STOP CONDUCTING
THE ELECTRICAL CURRENT FROM THE ELECTRICAL COIL OF THE CONTACTOR

THERETHROUGH TO TRANSITION THE CONTACTOR FROM THE CLOSED OPERATIONAL
STATE TO THE OPEN OPERATIONAL STATE

320 © FIG. 14
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322
DOES OPEN COMMAND
MESSAGE CORRESPOND TO A SECOND PREDETERMINED NO
OPEN COMMAND MESSAGE (FAST OPEN
COMMAND MESSAGE)
?

YES 324

MICROCONTROLLER STOPS GENERATING THE PULSE WIDTH MODULATED SIGNAL
TO INDUCE THE HIGH SIDE DRIVER CIRCUIT TO DECREASE THE FIRST CONTROL
VOLTAGE APPLIED TO THE ELECTRICAL COIL FROM THE FIRST VOLTAGE LEVEL

TO THE GROUND VOLTAGE LEVEL, RESPECTIVELY, AT A FIRST TIME TO
IMMEDIATELY TRANSITION THE CONTACTOR FROM THE CLOSED OPERATIONAL
STATE TO THE OPEN OPERATIONAL STATE

326

MICROCONTROLLER STOPS GENERATING THE SECOND VOLTAGE SIGNAL THAT IS
APPLIED TO THE LOW SIDE DRIVER CIRCUIT TO INDUCE THE LOW SIDE DRIVER
CIRCUIT TO STOP CONDUCTING THE ELECTRICAL CURRENT FROM THE ELECTRICAL
COIL OF THE CONTACTOR THERETHROUGH TO IMMEDIATELY TRANSITION
THE CONTACTOR FROM THE CLOSED OPERATIONAL STATE TO THE OPEN
OPERATIONAL STATE

FIG. 15
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CONTROL SYSTEM FOR A CONTACTOR

BACKGROUND

When a contactor i a vehicle transitions from a closed
operational state to an open operational state, the contactor
can generate an undesirable amount of noise in the 1nterior
region ol the vehicle. Accordingly, the inventors herein
recognized the need for an improved control system for
controlling a contactor that reduces a velocity of a contactor
armature prior to impacting a stop member that minimizes
the contactor noise when transitioning from the closed
operational state to the open operational state.

SUMMARY

A control system for a contactor in accordance with an
exemplary embodiment 1s provided. The contactor has an
clectrical coil and first and second electrical contacts. The
control system includes a current sensor generating a first
signal indicating an amount of an electrical current flowing
through the first and second electrical contacts. The first
signal 1s received by a microcontroller. The control system
turther includes a high side driver circuit electrically
coupled to and between the microcontroller and a first end
ol the electrical coil of the contactor. The microcontroller 1s
programmed to generate a first voltage signal over a first
time interval that 1s applied to the high side driver circuit to
induce the high side driver circuit to apply a first control
voltage at a first voltage level to the first end of the electrical
coil of the contactor to transition the contactor from an open
operational state 1n which the first and second electrical
contacts are disposed apart from one another to a closed
operational state 1n which the first and second electrical
contacts are contacting one another. The microcontroller 1s
turther programmed to generate a pulse width modulated
signal that 1s applied to the high side drniver circuit and to
decrease a duty cycle of the pulse width modulated signal
from a first duty cycle to a second duty cycle to induce the
high side driver circuit to decrease the first control voltage
applied to the electrical coil from the first voltage level to a
second voltage level, respectively, over a second time inter-
val. The microcontroller 1s further programmed to maintain
the second duty cycle of the pulse width modulated signal
for a third time interval to induce the high side driver circuit
to maintain the first control voltage applied to the electrical
coil at the second voltage level for the second time interval
to maintain the contactor in the closed operational state. The
third time 1nterval 1s greater than the second time interval.
The microcontroller 1s programmed to recerve an open
command message requesting that the contactor be transi-
tioned from the closed operational state to the open opera-
tional state. The microcontroller 1s further programmed to
determine a current level value indicating the amount of the
clectrical current tlowing through the first and second elec-
trical contacts, based on the first signal. The microcontroller
1s Turther programmed to decrease the duty cycle of the pulse
width modulated signal applied to the high side driver circuit
from the second duty cycle to a zero duty cycle to induce the
high side driver circuit to decrease the first control voltage
applied to the electrical coil from the second voltage level to
a ground voltage level, respectively, over a fourth time
interval to transition the contactor from the closed opera-
tional state to the open operational state, 11 the current level
value 1s less than or equal to a threshold current value, and
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the open command message corresponds to a first predeter-
mined open command message.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic of a vehicle having a control system
for a contactor in accordance with an exemplary embodi-
ment;

FIG. 2 1s a schematic of a high side driver circuit utilized
in the control system of FIG. 1;

FIG. 3 1s a schematic of the contactor of FIG. 1 1n an open
operational state;

FIG. 4 1s another schematic of the contactor of FIG. 1 1n
a closed operational state;

FIG. 5 15 a schematic of a voltage signal that 1s output by
a microcontroller 1n the control system of FIG. 1 to the high
side driver circuit of FIG. 2;

FIG. 6 1s a schematic of a voltage signal output by a low
pass lilter 1n the high side driver circuit of FIG. 2;

FIG. 7 1s a schematic of a voltage signal output by an
amplifier 1n the high side driver circuit of FIG. 2;

FIG. 8 1s a schematic of a control voltage output by a
voltage regulator 1n the high side driver circuit of FIG. 2;

FIG. 9 1s a schematic of another voltage signal that 1s
output by the microcontroller to the high side driver circuit
of FIG. 2;

FIG. 10 1s a schematic of another voltage signal output by
the low pass filter 1n the high side driver circuit of FIG. 2;

FIG. 11 1s a schematic of another voltage signal output by
the amplifier in the high side driver circuit of FIG. 2;

FIG. 12 1s a schematic of another control voltage output
by the voltage regulator 1n the high side driver circuit of FIG.
2: and

FIGS. 13-15 1s a flowchart of a method for controlling a
contactor i accordance with another exemplary embodi-
ment.

DETAILED DESCRIPTION

Referring to FIG. 1, a vehicle 10 has a control system 20
for controlling a contactor 22 in accordance with an exem-
plary embodiment. The vehicle 10 further includes an elec-
trical load 24, a vehicle computer 26, and a communication
bus 28. An advantage of the control system 20 1s that the
control system 20 transitions the contactor 22 to a closed
operational state, and then decreases a control voltage from
a {irst voltage level to a second voltage level that 1s applied
to a contactor coil 170. Thereafter, the control system 20
maintains the control voltage at the second voltage level to
maintain the contactor 22 in the closed operational state.
When the contactor 22 1s to be transitioned to an open
operational state, the control system 20 decreases the control
voltage to a ground-level voltage such that a contactor
armature of the contactor 22 moves at a decreased speed
prior to contacting a stop member 182 (shown 1n FIG. 3) at
the open operational state. As a result, an amount of noise
generated by the contactor 22 when transitioning to the open
operational state 1s significantly reduced.

Referring to FIGS. 1 and 2, the control system 20 includes
a high side driver circuit 40, a low side driver circuit 42, a
current sensor 44, a battery 46, and a microcontroller 48.

The high side driver circuit 40 1s provided to generate a
control voltage that 1s received by the electrical coil 170 of
the contactor 22 to transition the contactor 22 from an open
operational state to a closed operational state. The high side
driver circuit 40 1s further provided to stop generating the
control voltage to transition the contactor 22 from the closed
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operational state to the open operational state. The high side
driver circuit 40 1s electrically coupled to and between the
microcontroller 48 and a first end of the electrical coil 170
of the contactor 22. The high side driver circuit 40 includes
an mput node 66, an output node 68, a logical OR gate 70,
a low pass {filter 72, an operational amplifier 74, a voltage
regulator 76, a power supply 78, resistors 90, 92, 94, 96, 98,
a capacitor 110, diodes 112, 114, and electrical nodes 120,
122, 124, 126.

The logical OR gate 70 includes an input node and an
output node. The mput node of the logical OR gate 70 1s
clectrically coupled to the mput node 66 of the high side
driver circuit 40. The output node of the logical OR gate 70
1s electrically coupled to a resistor 140 of the low pass filter
72. During operation, the logical OR gate 70 receives a
voltage (V1) (which 1s a pulse width modulated signal
having a 100% duty cycle between times T0-T1, and having
a duty cycle less than 100% between times T1-T4 shown 1n
FIG. 5) from the microcontroller 48 and outputs a voltage
that 1s received by the low pass filter 72.

The low pass filter 72 includes the resistor 140 and a
capacitor 142. The resistor 140 1s electrically coupled to and
between the output terminal of the logical OR gate 70 and
an electrical node 120. The capacitor 142 1s electrically
coupled to and between the electrical node 120 and electrical
ground. Further, the resistor 90 1s electrically coupled
between the electrical node 120 and electrical ground.

The operational amplifier 74 1s provided to receive a
control voltage from the low pass filter 72 and to output
another control voltage having a magnitude greater than a
magnitude of the received control voltage, in response to the
received control voltage. The operational amplifier 74
includes a non-inverting input terminal (+), an 1nverting
input terminal (=), and an output terminal. The non-inverting
input terminal (+) 1s electrically coupled to the low pass filter
72 and the electrical node 120. The inverting input terminal
(—) 1s electrically coupled to the electrical node 122. The
output node of the operational amplifier 74 1s further elec-
trically coupled to electrical node 124, which 1s further
clectrically coupled to an adjustment terminal (ADJ) of the
voltage regulator 76. The operational amplifier 74 1s further
clectrically coupled to the power supply 78 and to electrical
ground such that the voltage (VSUPPLY) from the power
supply 78 energizes the operational amplifier 74.

The resistor 92 1s electrically coupled to and between the
clectrical node 122 and electrical ground. Further, the resis-
tor 94 1s electrically coupled to and between the electrical
nodes 122, 124.

The voltage regulator 76 includes the adjustment terminal
(ADJ), an mput terminal (IN), and an output terminal
(OUT). The mput terminal (IN) 1s electrically coupled to the
power supply 78 utilizing the resister 96. The resister 96 1s
clectrically coupled to and between the input terminal (IN)
and a positive terminal of the power supply 78. The elec-
trical node 126 1s electrically coupled to both the resister 96
and the positive terminal of the power supply 78. Further,
the capacitor 110 1s electrically coupled to and between the
clectrical node 126 and electrical ground. The output termi-
nal (OUT) 1s electrically coupled to the electrical node 128.
During operation, the voltage regulator 76 receives a control
voltage from the operational amplifier 74 and outputs
another control voltage 1n response to the control voltage
from the operational amplifier 74. The control voltage from
the voltage regular 76 1s applied to a first end of the electrical
coil 170 of the contactor 22.

The resistor 98 1s electrically coupled between the elec-

trical node 128 and the ground. The diodes 112, 114 are
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4

clectrically coupled 1n series with one another between the
clectrical node 128 and the output node 68 of the high side
driver circuit 40.

Referring to FIGS. 1, 2 and 5-8, the operation of the high
side driver circuit 40 will now be explained. It 1s assumed
that the low side driver circuit 42 conducts an electrical
current from the electrical coil 1n the contactor 22 between
times 10 and T4. Further, 1t 1s assumed that the microcon-
troller 48 receives a command message from the vehicle
computer 26 corresponding to a {first predetermined open
command (e.g., a slow open command message) at a time
T3.

Between times T0 and T1, the microcontroller 48 gener-
ates a voltage signal (V1) at 5 volts, the low pass filter 72
outputs a voltage (V2) which increases from 0 volts to 3.0
volts between times T0 and T1, respectively. Further, the
operational amplifier 74 outputs a control voltage (V3)
which increases from 0 volts to 10 volts between times T0
and T1, respectively. Still further, the voltage regulator 76
outputs a control voltage (V4) which increases from 0 volts
to 11 volts between times T0 and T1, respectively. The
control voltage (V4) 1s recerved by the electrical coil 170 of
the contactor 22, and the electrical coil 170 1s energized
when the low side driver circuit 42 conducts electrical
current through the electrical coil 170, to transition the
contactor 22 from an open operational state to a closed
operational state.

Between times T1 and T2, the microcontroller 48 gener-
ates a pulse width modulated signal (V1) and decreases a
duty cycle of the pulse width modulated signal (V1) from a
first duty cycle to a second duty cycle, the low pass filter 72
outputs a voltage (V2) which decreases from 5.0 volts to 3.0
volts between times 11 and 12, respectively. Further, the
operational amplifier 74 outputs a control voltage (V3)
which decreases from 10 volts to 6 volts between times T1
and 12, respectively. Still further, the voltage regulator 76
outputs a control voltage (V4) which decreases from 11 volts
to 7 volts between times 11 and T2, respectively. The control
voltage (V4) maintains the contactor 22 in the closed
operational state between times 11 and T2.

Between times 12 and T3, the microcontroller 48 main-
tains the pulse width modulated signal (V1) at the second
duty cycle, the low pass filter 72 outputs a voltage (V2)
which 1s maintained at 3.0 volts between times 12 and T3,
respectively. Further, the operational amplifier 74 outputs a
control voltage (V3) which 1s maintained at 6 volts between
times T2 and T3, respectively. Still further, the voltage
regulator 76 outputs a control voltage (V4) which 1s main-
tained at 7 volts between times 12 and T3, respectively. The
control voltage (V4) maintains the contactor 22 1n the closed
operational state between times 12 and T3.

At time T3, the microcontroller 48 receives a command
message from the vehicle controller 26 corresponding to a
first predetermined open command (e.g., a soit open com-
mand message) for reducing an amount of noise while
opening the contactor 22, the microcontroller 48 decreases
the duty cycle of the pulse width modulated signal (V1) from
the second duty cycle to a zero duty cycle, and the low pass
filter 72 decreases the voltage (V2) from 3.0 volts to zero
volts. Further, the operational amplifier 74 decreases the
control voltage (V3) from 6 volts to zero volts between times
T3 and T4. Still further, the voltage regulator 76 decreases
the control voltage (V4) from 7 volts to zero volts which
induces the contactor 22 to transition to an open operational
state between times T3 and T4.

Referring to FIGS. 1, 2 and 9-12, the operation of the high

side driver circuit 40 will now be explained 1n further detail.
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From times T0-13, the voltages (V1), (V2), (V3), (V4) are
identical to the voltages (V1), (V2), (V3), (V4)1n FIGS. 5-8,
respectively. It 1s assumed that the low side driver circuit 42
conducts an electrical current from the electrical coil 1n the
contactor 22 between times T0 and T3. Further, 1t 1s assumed
that the microcontroller 48 receives a command message
from the vehicle computer 26 corresponding to a second
predetermined open command message (e.g., a fast open
command message) at a time T3.

At time T3, the microcontroller 48 recerves the command
message Irom the vehicle controller 26 corresponding to the
second predetermined open command message (e.g., a fast
open command message), the microcontroller 48 stops gen-
erating the pulse width modulated signal (V1), and the low
pass filter 72 immediately decreases the voltage (V2) from
3.0 volts to zero volts. Further, the operational amplifier 74
immediately decreases the control voltage (V3) from 6 volts
to zero volts. Still turther, the voltage regulator 76 1mme-
diately decreases the control voltage (V4) from 7 volts to
zero volts which induces the contactor 22 to transition to an
open operational state at time T3.

Referring to FIGS. 1 and 2, the low side driver circuit 42
1s provided to conduct electrical current from the electrical
coill 170 therethrough, 1n response to receiving a voltage
signal from the microcontroller 48. The low side driver
circuit 42 1ncludes an input node 150, an output node 152.
The low side driver circuit 42 1s electrically coupled to and
between the microcontroller 48 and a second end of the
clectrical coil 170 of the contactor 22. In particular, the input
node 150 1s electrically coupled to the microcontroller 48,

and the output node 152 1s electrically coupled to the second
end of the electrical coil 170 of the contactor 22.

Referring to FIGS. 1 and 3, the current sensor 44 1s
provided to generate a first signal indicating an amount of an
clectrical current flowing through electrical contacts 176,
178 of the contactor 22. The first signal 1s received by the
microcontroller 48. In an exemplary embodiment, an ampli-
tude of the first signal 1s proportional to amplitude of the
clectrical current tlowing through the contacts 176, 178 of
the contactor 22. The current sensor 44 1s electrically
coupled 1n series between the positive terminal of the battery
46 and the electrical contact 176 of the contactor 22.

The battery 46 1s provided to output a voltage that 1s
received by the electrical load 24 for energizing the electri-
cal load 24. In an exemplary embodiment, the battery 46
outputs 48 volts. Of course, 1n an alternative embodiment,
the battery 46 could output a voltage greater than 48 volts or
less than 48 volts.

The microcontroller 48 includes a microprocessor 156
and a memory device 158. The microcontroller 48 1s pro-
grammed to perform at least a portion of the steps described
herein, and executes software instructions stored in the
memory device 158 to perform the associated steps. The
microcontroller 48 operably commumnicates with the
memory device 158, the vehicle computer 26, and the
current sensor 44. The microcontroller 48 1s further electri-
cally coupled to the high side driver circuit 40 and the low
side driver circuit 42.

Referring to FIGS. 3 and 4, the contactor 22 1s provided
to supply an operational voltage from the battery 46 to the
clectrical load 24 when the contactor 22 has a closed
operational state, and to stop supplying the operational
voltage to the electrical load 24 when the contactor 22 has
an open operational state. The contactor 22 includes an
electrical coil 170, shaft 172, a contactor armature 174,
clectrical contacts 176, 178, a spring 180, and a stopper 182.
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The shaft 172 extends along a longitudinal axis and 1s
coupled to the spring 180. The shaft 172 1s adapted to move
along the longitudinal axis 190. A portion of the shaft 172
extends through an interior region defined by the electrical
coil 170. The contactor armature 174 1s coupled to the shaft
172 between the electrical coil 170 and the spring 180. The
contactor armature 174 1s adapted to hold the electrical
contact 176 thereon.

The stopper 182 1s disposed above the electrical coil 170
1s provided to stop movement of the contactor armature 174
when the contactor armature 174 contacts the stopper 182.

During operation, when the contactor 22 has an open
operational state (shown 1n FIG. 3), the spring 180 urges the
shaft 172 nightwardly such that the electrical contacts 176,
178 are disposed a predetermined distance apart from one
another, and the contactor armature 174 1s disposed on and
against the stopper 182. Alternately, when the contactor 22
has a closed operational state (shown 1n FIG. 4), the ener-
gized electrical coil 170 urges the shatt 172 leftwardly such
that the electrical contacts 176, 178 contact one another, and
the contactor armature 174 1s disposed a distance away from
the stopper 182, and the spring 180 1s compressed.

When the shatit 172 contacts the stopper 182 an undesir-
able amount of noise can be generated i the shaft 172 1s
moving quickly immediately prior to contacting the stopper
182. The method described below utilizes a slow open
command message and associated pulse width modulated
voltages to reduce a speed of the contactor armature 174
prior to contacting the stopper 102 to reduce the amount of
sound generated by transitioning the contactor 22 to an open
operational state.

Referring to FIG. 1, the vehicle computer 26 operably
communicates with the microcontroller 48 utilizing the
communication bus 28. The vehicle computer 26 1s adapted
to generate an open command message that 1s transmitted
through the communication bus 28 to the microcontroller
48. The open command message can correspond to either a
first predetermined open command message (e.g., a slow
open command message) or a second predetermined open
command message (e.g., a fast open command message).
The first predetermined open command message results 1n a
reduced amount of noise being generated by the contactor 22
when transitioning the contactor 22 from the closed opera-
tional state to the open operational state.

Referring to FIGS. 1, 2 and 13-15, a flowchart of a method
for controlling the contactor 22 1n accordance with another
exemplary embodiment 1s provided.

At step 300, the microcontroller 48 generates a {irst
voltage signal (V1) over a first time interval (e.g., T0-T1)
that 1s applied to the high side driver circuit 40 to induce the
high side driver circuit 40 to apply a first control voltage
(V4) at a first voltage level to a first end of the electrical coil
170 of the contactor 22 to transition the contactor 22 from
the open operational state to the closed operational state.

At step 302, the microcontroller 48 generates a second
voltage signal that 1s applied to the low side driver circuit 42
to induce the low side driver circuit 42 to conduct an
clectrical current from the electrical coil 170 of the contactor
22 to transition the contactor 22 from the open operational
state to the closed operational state. The step 302 1s per-
formed simultaneously with the step 300.

At step 304, the microcontroller 48 generates a pulse
width modulated signal (V1) that 1s applied to the high side
driver circuit 40 and decreases a duty cycle of the pulse
width modulated signal (V1) from a first duty cycle to a
second duty cycle to induce the high side driver circuit 40 to
decrease the first control voltage applied to the electrical coil
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170 from the first voltage level to a second voltage level,
respectively, over a second time 1nterval (e.g., T1-T2). After
step 304, the method advances to step 306.

At step 306, the microcontroller 48 maintains the duty
cycle of the pulse width modulated signal (V1) at the second
duty cycle for a third time 1nterval (e.g., T2-T3) to induce the
high side driver circuit 40 to maintain the first control
voltage (V4) applied to the electrical coil 170 at the second
voltage level for the third time interval to maintain the
contactor 22 in the closed operational state. The third time
interval (e.g., T2-13) 1s greater than the first time interval
(c.g., TO-T1). After step 306, the method advances to step
308.

At step 308, the microcontroller 48 receives an open
command message from the vehicle computer 26 that
requests that the contactor 22 be transitioned from the closed
operational state 1 which electrical contacts 176, 178
(shown 1n FIG. 4) of the contactor 22 are contacting one
another to the open operational state 1n which the electrical
contacts 176, 178 of the contactor 22 are disposed a prede-
termined distance apart from one another. After step 308, the
method advances to step 310.

At step 310, the microcontroller 48 makes a determination
as to whether the open command message corresponds to a
first predetermined open command message (slow open
command message). If the value of step 310 equals “ves”,
the method advances to step 312. Otherwise, the method
advances to step 322.

At step 312, the current sensor 44 generates a {irst signal
indicating an amount of an electrical current flowing through
the electrical contacts 176, 178 (shown 1n FIG. 4). After step
312, the method advances to step 314.

At step 314, the microcontroller 48 determines a current
level value indicating the amount of the electrical current
flowing through the electrical contacts 176, 178, based on
the first signal. After step 314, the method advances to step
316.

At step 316, the microcontroller 48 makes a determination
as to whether the current level value 1s less than or equal to
a threshold current value. If the value of step 316 equals
“ves”, the method advances to step 318. Otherwise, the
method returns to step 316.

At step 318, the microcontroller 48 decreases the duty
cycle of the pulse width modulated signal (V1) applied to the
high side driver circuit 40 from the second duty cycle to a
zero duty cycle to induce the high side driver circuit 40 to
decrease the first control voltage (V4) applied to the elec-
trical coil 170 from the second voltage level to the ground
voltage level, respectively, over a fourth time 1nterval (e.g.,
13-T4) to transition the contactor 22 from the closed opera-
tional state to the open operational state. After step 318, the
method advances to step 320.

At step 320, the microcontroller 48 stops generating the
second voltage signal to the low side dniver circuit 42 to
induce the low side driver circuit 42 to stop conducting the
clectrical current from the electrical coil 170 of the contactor
22 therethrough to transition the contactor 22 from the
closed operational state to the open operational state. After
step 320, the method advances to step 322.

At step 322, the microcontroller 48 makes a determination
as to whether the open command message corresponds to a
second predetermined open command message (fast open
command message). If the value of step 322 equals “yes”,
the method advances to step 324. Otherwise, the method 1s
exited.

At step 324, the microcontroller 48 stops generating the
pulse width modulated signal (V1) to induce the high side
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driver circuit 40 to decrease the first control voltage applied
to the electrical coil 170 from the first voltage level to the
ground voltage level, respectively, at a first time to 1mme-
diately transition the contactor 22 from the closed opera-
tional state to the open operational state.

At step 326, the microcontroller 48 stops generating the
second voltage signal that i1s applied to the low side dniver
circuit 42 to induce the low side drniver circuit 42 to stop
conducting the electrical current from the electrical coil 170
of the contactor 22 therethrough to immediately transition
the contactor 22 from the closed operational state to the open
operational state. The step 326 1s performed simultaneously
with the step 324.

The control system for a contactor provides a substantial
advantage over other systems and methods. In particular, the
control system transitions the contactor to a closed opera-
tional state, and then decreases a control voltage from a first
voltage level to a second voltage level that 1s applied to a
contactor coil. Thereatter, the control system maintains the
control voltage at the second voltage level to maintain the
contactor in the closed operational state. When the contactor
1s to be transitioned to an open operational state, the control
system decreases the control voltage to a ground-level
voltage such that a contactor armature contacts a stop
member at a relatively low speed at the open operational
state, and an amount of noise generated by the contactor
when transitioning to the open operational state 1s signifi-
cantly reduced.

While the claimed invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention 1s not
limited to such disclosed embodiments. Rather, the claimed
invention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent arrange-
ments not heretofore described, but which are commensu-
rate with the spirit and scope of the invention. Additionally,
while various embodiments of the claimed invention have
been described, 1t 1s to be understood that aspects of the
invention may include only some of the described embodi-
ments. Accordingly, the claimed invention 1s not to be seen
as limited by the foregoing description.

What 1s claimed 1s:

1. A control system for a contactor, the contactor having
an electrical coil and first and second electrical contacts, the
control system comprising:

a current sensor generating a first signal indicating an
amount of an electrical current flowing through the first
and second electrical contacts, the first signal being
received by a microcontroller;

a hligh side driver circuit electrically coupled to and
between the microcontroller and a first end of the
electrical coil of the contactor;

the microcontroller being programmed to generate a first
voltage signal over a first time interval that 1s applied
to the high side driver circuit to induce the high side
driver circuit to apply a first control voltage at a first
voltage level to the first end of the electrical coil of the
contactor to transition the contactor from an open
operational state 1n which the first and second electrical
contacts are disposed apart from one another to a closed
operational state 1n which the first and second electrical
contacts are contacting one another;

the microcontroller being further programmed to generate
a pulse width modulated signal that 1s applied to the
high side driver circuit and to decrease a duty cycle of
the pulse width modulated signal from a first duty cycle
to a second duty cycle to induce the high side driver
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circuit to decrease the first control voltage applied to a voltage regulator electrically coupled to the operational
the electrical coil from the first voltage level to a second amplifier, the voltage regulator receiving the third
voltage level, respectively, over a second time interval; control voltage and outputting the first control voltage

the microcontroller being further programmed to maintain
the second duty cycle of the pulse width modulated 4
signal for a third time interval to induce the high side
driver circuit to maintain the {first control voltage
applied to the electrical coil at the second voltage level
for the second time 1nterval to maintain the contactor 1n
the closed operational state, the third time interval
being greater than the second time interval;

the microcontroller being further programmed to receive
an open command message requesting that the contac-
tor be transitioned from the closed operational state to
the open operational state; 13

the microcontroller being further programmed to deter-
mine a current level value indicating the amount of the
clectrical current tlowing through the first and second
clectrical contacts, based on the first signal; and

the microcontroller being further programmed to decrease ,,
the duty cycle of the pulse width modulated signal
applied to the high side driver circuit from the second
duty cycle to a zero duty cycle to induce the high side
driver circuit to decrease the first control voltage
applied to the electrical coil trom the second voltage
level to a ground voltage level, respectively, over a
fourth time interval to transition the contactor from the
closed operational state to the open operational state, 1f
the current level value 1s less than or equal to a
threshold current value, and the open command mes- .,
sage corresponds to a first predetermined open com-
mand message.

2. The control system of claim 1, wherein the high side

driver circuit comprises:

a low pass filter that receives the pulse width modulated
signal and outputs a second control voltage 1n response
to the pulse width modulated signal;

an operational amplifier electrically coupled to the low
pass filter, the operational amplifier receiving the sec-
ond control voltage and outputting a third control ,,
voltage having a magnitude greater than a magnitude of
the second control voltage, 1n response to the second
control voltage; and I I

in response to the third control voltage, the first control
voltage being applied to the electrical coil.

3. The control system of claim 1, wherein the threshold
current value corresponds to zero amps.

4. The control system of claim 1, further comprising:

a low side dniver circuit electrically coupled to and
between the microcontroller and a second end of the
electrical coil of the contactor;

the microcontroller being further programmed to generate
a second voltage signal that 1s received by the low side
driver circuit to induce the low side driver circuit to
conduct an electrical current from the electrical coil
therethrough, during the first, second, third, and fourth
time 1ntervals.

5. The control system of claim 4, wherein:

the microcontroller being further programmed to stop
generating the second voltage signal after the fourth
time 1nterval to induce to the low side driver circuit to
stop conducting the electrical current from the electri-
cal coil therethrough.

6. The control system of claim 1, wherein the microcon-
troller being further programmed to stop generating the
pulse width modulated signal to induce the high side driver
circuit to decrease the first control voltage applied to the
clectrical coil from the first voltage level to the ground
voltage level, respectively, at a first time to 1immediately
transition the contactor from the closed operational state to
the open operational state if the open command message
corresponds to a second predetermined open command
message.

7. The control system of claim 6, further comprising:

a low side dniver circuit electrically coupled to and
between the microcontroller and a second end of the
electrical coil of the contactor;

the microcontroller being further programmed to stop
generating a second voltage signal to induce to the low
side driver circuit to stop conducting an electrical
current from the electrical coil therethrough.
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